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 D I S C L A I M E R
The study discussed in this Report was carried out as part of the
efforts of the Pollution from Land Use Activities Reference Group,
an organization of the International Joint Commission, established
under the Canada—U. S. Great Lakes Water Quality Agreement of 1972.
Funding was provided through the U. S. Environmental Protection
Agency. Findings and conclusions are those of the authors and do
not necessarily reflect the views of the Reference Group or its
recommendations to the Commission.
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 INTRODUCTION
A critical element in the Pollution from Land Use Activities Reference Group
Study for the International Joint Commission is an up—to—date inventory of land
use.
Such an inventory was compiled for the U.S. basin in 1973 and 1974 under
Task B of PLUARG.
The land use compilation was accomplished under contract with
the United States Environmental Protection Agency by the Laboratory for Applica—
tions of Remote Sensing (LARS), of Purdue University using LANDSAT I satellite
data. The LARS work was carried out on a county basis with emphasis on urban,
agriculture, and forest land uses.
The LARS work was a state-of-the—art pioneering effort using satellite data
on a large scale. While it offered a significant advancement in the technology,
problems were left unsolved, particularly in defining urban areas. The results of
this work are presented in the six-volume Inventory of Land Use and Land Use
Practices, published by the International Joint Commission.
As the PLUARG study developed, new needs arose in the area of land use inven—
tories. A particular need was a land use or land cover analysis by watershed. For
the Overview Modelingeffort in particular, a subwatershed land cover inventory was
essential.
In the Spring of 1977 it was recognized that a land cover analysis by water—
shed was needed and that it was needed quickly. As the direction of the reference
group developed so, too, did the technology for the utilization of LANDSAT satellite
data. The computer technology and operator expertise had improved tremendously
from the very first efforts made in the early 1970's. It was then decided by
members of PLUARG Task B to seek good land cover estimates on a watershed basis.
Based upon a proposal by the Great Lakes Basin Commission (GLBC), EPA contracted
with the GLBC to identify major land cover classes by watersheds in the U.S. Great
Lakes Basin. The Great Lakes Basin Commission awarded a subcontract to the General
Electric Company of Beltsville, Maryland to carry out this new land cover analysis.
They began work in the Fall of 1977 and completed their report in February of 1978
(see Appendix ). Because of the improved technology, this work was accomplished
in a five—month period with at lease nine classes of land cover being presented in
each of 72 watersheds. The data were also updated to the 1976—1977 period.
The information presented herein is the result of this land cover analysis on
a watershed basis. It must be recognized that this information was compiled using
a more recent data base and a greatly advanced technology from that presented in
the PLUARG Task B reports. Wherever possible, the information presented here should
be used in lieu of that presented in the Task B reports entitled The Inventory of
Land Use and Land Use Practices, (IJC, 1976).
  
 METHODOLOGY
A detailed description of the methodology used by the General Electric
Company is presented in the Appendix.
The Appendix also includes a description of
LANDSAT and the technology involved in utilizing satellite data.
Many land use inventories are accomplished by field sampling a certain subset
which is representative of the area in question.
This subset information is then
extrapolated over the entire area.
This is the case with the Conservation Needs
Inventory (CNI), a much—used inventory of soil and water conservation needs within
U.S. counties, published by the U.S. Soil Conservation Service. The 1967 CNI data
is based on the sampling of two percent of the total area within a county.
That
information is then extrapolated to the remainder of the county.
In the case of
the Conservation Needs Inventory, the emphasis was placed on agriculture areas.
The residential or urban area is the remaining unaccounted—for acreage once the
cropland, forest, pasture, and non—inventoried areas have been designated.
Other
land inventory programs, at least on a micro scale, use the U.S. Census data or
other local statistics to project population densities and areas affected by human
activity.
Remote sensing data rely on electronics and computers to measure and analyze
reflected light from every .45 hectares (1.1 acres) cell within the study area.
This fingerprint of reflected light is then interpreted by a skilled photo—inter—
preter for the various classes.
In the case of this study, every cell in the U.S.
Great Lakes Basin has its own fingerprint and has been classified. Like the
Conservation Needs Inventory, small training areas are selected that are represenm
tative of the entire data set. These training sets are analyzed and the results
then applied to the entire data set. Unlike the Conservation Needs Inventory,
every .45 hectare (1.1 acre) is sampled and thus can then be checked by the inter-
preter once the classification process has been complete. An adjustment of errors
or reclassification can then be easily accomplished in a very short period of time.
It must be realized that the end produce (the classified tables or computer tapes)
must be used with the understanding that these data are a classification of remotely
sensed information and are subject to further interpretation by the user.
Remote sensing data was utilized in this study due to the extremely rapid
turnaround time available and the cost—effectiveness of such a study.
This type
of data base is very accurate for use on watershed and county scales. It would
cost hundreds of thousands of dollars and take many months to compile such a land
cover inventory using standard field procedures.
Data were chosen for the study from the Spring period primarily from 1976 and
1977. When using remote sensing it is advantageous to use various periods of the
 
  
same year to extract the maximum number of classifications. By using different
data sets, it is possible to monitor the growth of crops, crop types, the changes
in wetlands, and better classify cities and towns that are often covered by a tree
canopy in the late spring and summer. Because of time and budget constraints, only
one point in time was analyzed. The spring period allows the greatest separation
of the classes that were of interest to this study. Inthe spring, there is no
tree canopy to hide residential areas, and there is also a great separation between
plowed fields and pasture. It does, however, yield a higher value for water areas *
and wetland areas, particularly if the spring had high amounts of precipitation.
When generating land cover tables by watershed using a computerized LANDSAT
data base, there are inherent errors in matching the known total area of the water—
shed with the computerized total area of that same watershed. Areas presented by the
Soil Conservation Service and in the Great Lakes Basin Framework Study (GLBC, 1974) for
watersheds are based on the measurements of area within certain topographic lines.
These area measurements have been used as a standard for many years. In the case
of the computerized data base, the same topographic lines were used, but on maps of
a different scale and using a different measurement technique. The computerized
approach used by General Electric also includes the entire shoreline on the
particular day and time that the satellite flew over, while the standard techniques
define the shoreline as a certain topographic line along the shore. Together, these
differences in methodology account for a zero to five percent difference between
the computerized approach and the standard approach of measuring total land area.
As a result, the General Electric figures for total land area for each of the water—
sheds vary somewhat from the areas adopted for the Great Lakes Basin Framework Study.
In order to keep the total land cover data consistent with that used in past work,
the variation of total land area within each of the watersheds was adjusted to the
Great Lakes Basin Framework Study total drainage value. This was accomplished by
multiplying the percentage of the various land classes found within a watershed by
General Electric by the drainage area presented in the Great Lakes Basin Framework
Study. The tables presented in the "Results" section of this report reflect the
standard total land area found within the various watersheds. It should also be
noted that the inland water area is over and above that of the total land area.
 RESULTS
Tables 1 through 5 represent the tabulation of land cover for the entire U.S.
Great Lakes drainage area. The name and a three—digit number correspond to each
of the 72 hydrologic areas within the basin (see Hall, et a1, 1976). The first
digit of the number corresponds to the lake (l—Superior, Z—Michigan, 3-Huron,
4—Erie, 5—Ontario). The second digit is the river basin group number within the
Lake basin. The third digit is the hydrologic area within the river basin group.
Figures 1 through 15 show the river basin groups for the U.S. side and the hydro—
logic areas within those groups.
The land area is the total land area as obtained from the Great Lakes Basin
Framework Study, Appendix 13, Land Use and Management (GLBC, 1974). This
corresponds to all land area as well as water bodies of 40 acres or less in size.
The total land area units are in square kilometers. The inland water class corres—
ponds to water bodies greater than 40 acres and is over and above the land area.
The units are in hectares and no percentage figure is given as it is above the
total land area. The units for the remaining classes are hectares and percent of
the total land area. The remaining classes are all defined with technical comments
by General Electric in the Appendix, Section 4.
 
The following is a general overview of these classes based on experience with
their use.
WETLAND
Because the data are from the spring period, wetland values maybe high. Also,
due to the two different years that were used in this data set, variations may occur
in different regions. The class does rely on differences in vegetation as well as
standing water to distinguish between a true wetland and a field that happens to
be under water at the point in time the satellite flew over.
FOREST (DECIDUOUS AND CONIFEROUS)
The data for these classes appear to be very good, particularly in the northern
portions of the basin. Wherever a good coniferous class could not be separated out,
the deciduous class was defined as the total forest for the hydrologic area in
question. Some problems did occur in eastern New York State, due to shadows formed
by the sun. However, these problems were minimal.
BRUSHLAND
Brushland is generally a catch—all class that contains overgrown abandoned
farms, newly—developing forests, low bush and brush, as well as developed areas
  
such as orchards or possibly vineyards. For these reasons brushland must be inter—
preted according to its geographical location.
GRASSLAND
The dominant land use incorporated in the grassland class is pastureland. It
does include golf courses, large manicured lawns, as well as open fields of short
grass. However, upon examining the class geographically, it is clearly dominated
by the pastureland associated with the dairy industry.
BARREN
The barren class is also a catch—all definition which includes barren rock,
sand beaches, small open pit mining operations, and other non—vegetated areas not
associated with a city or agricultural activity.
PLOWED FIELD
The plowed field class represents a good data base throughout the basin. It
includes farmlandwhich is comprised of barren earth or recently plowed soil.
Since the data are from the spring season, the maximum amount of plowed area would
be anticipated. This class is significant in analyzing runoff from farmland that
is frequently turned over or left barren.
HIGH DENSITY RESIDENTIAL
 
The data for this class are good around cities and suburban areas. It should
be noted that it primarily defines high density residential signature and does not
mean to portray a total residential figure. The classification also provides area
around small towns (approximately 2,500 people or more). For low density areas
such as those found in the Lake Superior basin, it is quite common to have no high
density residential areas defined. This class is useful in that it displays the
area where the majority of people live within the basin, and thus indicates the
area where urban runoff and other urban related pollutants are likely to be
concentrated.
COMMERCIAL AND INDUSTRIAL
This class is comprised of highly-developed areas with no vegetative cover
associated with cities and are often discolored from industrial activities. The
class represents only the highest density areas associated with large urban centers.
It is a well defined class in that it does describe the core downtown area and
impervious surfaces associated with the most significant structural development on
the land.
Section 4.3 of the Appendix discusses the accuracy of the General Electric esti-
mates. Also presented are a range of estimated accuracies. These values appear to
be on the conservative side in that our evaluation of the data indicates that the
data are more accurate than is indicated. The estimate of accuracy presented in
the Appendix is standard for LANDSAT operations. It should be noted that the
accuracy goes up as the user applies the definition of the classes or understands




LAND COVER DATA - PART 1
i NAME
LAND INLAND HATER UETLAND FOREST (DECID) FOREST (CON) BRUSHLAND
AREAtKMZ HA
HA 2 HA 2 HA 2 HA
111| SUPERIOR SL. 5950. 21420. 65425. 11 0 195659. 32.9 314782. 52.9 12962.
112 ST LOUIS 9440. 26432. 38848. 4 1 211720. 22.4 607967. 64.4 10683.
113 APOSTLE ISLE 5140. 3598. 8800. 1 7 305915. 59.5 114395. 22.3 48139.
114 DAD 2580. 3096. 13057. 5 1 123777. 48.0 80429. 31.2 28725.
115 MONTREAL COM 800. 1520. 7176. 9 0 29766. 37.2 31070. 38.8 9134.
121 PORCUPINE MT 2720. 4896. 24375. 9 0 117719. 43.3 118827. 43.7 8310.
122 ONTONOOAN 3530. 14473. 37913. 10.7 147237. 41.7 147973. 41.9 9938.


















124 STURBEON 1830. 3111. 20664. 1 . 78189. 42.7 69439. 37.9 6888.
125 HURON MTS 2520. 5040. 11314. . 115971. 46.0 104657. 41.5 13114.
126 BRAD MARAIS 3110. 10885. 9346.
188211. 60.5 93139. 29.9 11280.
127‘ TAHOUAMENON 2180.
1744. 11427.
101748. 46.7 102407. 47.0 1538.









































44000. 110635. 270075. .1 1794069. 40.8 1959574. 44.5 192483.
LAND COVER DATA - PART 2
HIGH DENSITY
6 NAME
LAND GRASSLAND DARREN PLOUED FIELD RESIDENTIAL COMMERCIAL
AREAIKMZ HA HA HA HA HA















115 MONTREAL COM 800. 2283.
82.
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 FIGURE 7
RIVER BASIN GROUP 3.1















































































































































































   


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































RIVER BASIN GROUP 4.1
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RIVER BASIN GROUP 5.2





























































































































































































































    
 FIGURE 15
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 FUTURE APPLICATIONS
The General Electric Company, under an extension of their current GLBC contract,
is preparing land cover mapsbased upon their initial analysis of LANDSAT tapes
for approximately 50 percent of the U.S. Great Lakes Basin. The maps will be geo—
































































































































































































































































distribute copies to scientists and the public.
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Digital multispectral satellite data covering the U.S. Great Lakes Basin
were processed to create a land cover inventory of the entire watershed.
Data analysis, including multispectral signature extraction, data pro-
cessing, and reSults verification was performed at the General Electric
Image Processing and Analysis Center (IMPAC), Beltsville, Maryland.
























































































































































































































































































































































































































































































































































The Great Lakes Basin Land Cover Classification project was performed for
The Great Lakes Basin Commission (GLBC) by the Space Division of the
General Electric Company. The ma or information source for the project
was digital image data acquired over the basin by the Landsat 1 and
Landsat 2 satellites. Supplementary information concerning the area
was obtained from USGS topographic maps, atlases and other reference
materials, and from verification trips through selected areas of the
basin.
The objective of the project was to perform an operational inventory of
land cover classes of hydrologic interest over the larger watersheds of
the Great Lakes Basin (see Figure l), and to provide an information source
to be used as an economical means of forecasting the effects of existing





























































































































































































































































































































































LANDSAT SATELLITES AND DATA*
The primary mission of the Landsat satellite system was to demonstrate the
feasibility of multispectral remote sensing from space for practical Earth
rescurce management applications. The overall system requirement was the
acquisition of multispectral images, the collection of data from remotely
located ground platforms, and the production of photographic and digital
data in quantities and formats most helpful to potential users. In addi-
tion, it was required that these data be taken in a specific manner: namely,
that repetitive observations be made at the same local time; that the images
produced by the sensors be overlapping, both in and across the direction of
flight; and that the images be correctly located to better than 3.7 km (2.3
miles). Periodic coverage of each area was to occur at least every three
weeks. The operating lifespan of the spacecraft and its sensor systems was
to be a minimum of one year. Finally, it was necessary to process and
distribute all these data to investigators in a useful form and on a timely
basis.
To accomplish these goals, the Landsat spacecraft was designed and built
by the Space Division of General Electric in Valley Forge, Pennsylvania.
This spacecraft, an outgrowth of the Nimbus series of meteorological sat-











remote places on the Earth.
The Landsat 1 spacecraft was launched on July 23, 1972, and positioned in
the orbit shown in Figure 2. It was followed by Landsat 2, which was placed
in operation in January, 1975. For each satellite, the orbit has a nominal
altitude of 917 km (570 miles); a 990 orbital inclination, which makes it
nearly polar. The orbit is Sun-synchronous, which means that the orbit plane
precesses about the Earth at the same angular rate that the Earth moves
about the Sun. This feature enables the spacecraft to cross the Equator
at the same local time (between 9:30 and 10:00 a.m.) on the sunlit side of
the Earth. Each of the two sensing systems, Return Beam Vidicon (RBV) and
Multispectral Scanner (MSS), view an area 185 km (115 miles) across. Fig-
ure 3 indicates how the requirement for repeat coverage is met. From one
orbit to the next, the subsatellite point moves 2875 km (1785 miles) at the
Equator as the Earth rotates beneath the spacecraft. The next day, 14
orbits later, it is approximately back to its original location, with orbit
15 displaced westward from orbit l by 159 km (99 miles) at the Equator.
This continues for 18 days after which orbit 252 falls directly over orbit 1.
As indicated in Figure 2, there is a sidelap of 26 km (16 miles) in coverage
at the Equator from adjacent orbits on consecutive days. It is important
to note that this sidelap increases with increasing latitude, to approximately










on consecutive days over a large portion of an image.
In the Great Lakes
Region, sidelap is about 45 percent.
The major imaging device aboard Landsat, and the source of data for this
project, is the Multispectral Scanner (M83). The MSS collects data in four
spectral bands (0.5-0.6, 0.6-0.7, 0.7-0.8, and 0.8-1.1 micrometers).
The
four bands (channels) are referred to as bands 4, 5, 6, and 7, respectively.
Figure 4 depicts both the concept of the M38 multi-detector array and the
scanning system. The scanning mirror oscillates through an angular dis-
placement of :2.890. For reflected light, the angle of incidence is equal
to the angle of reflection, making the scanned swath approximately 110 wide.
Six parallel detectors in each of the four bands view the ground simulta—
neously. The instantaneous field of view on the ground of each detector
is 79m square (259 ft. square); thus, each mirror scan covers an along-track
distance of approximately 480m (1574 ft.) on the ground.
Each Landsat MSS scene is composed of 2340 scan lines, with each scan line
having approximately 3240 resolution elements, called pixels. The radio-
metric value for each pixel represents an average reflectance over a
79 by 79 meter field of view. Pixels overlap in the long scan (east-west)
direction, resulting in an average effective dimension for a single pixel
of approximately 57 by 79 meters, or 0.45 hectares. A more detailed




      















































Path of spacecraft travel
FIGURE 2 __mdsat l spacecraft orbit FIGURE-2 3 .—Lundsul ground cow-rage paucrn. There are )4 revoiu. FIGURE 4 *‘MSS orientation-




3.1 Data Search and Selection
 
The project data search and selection were performed based on computer
listings of all available Landsat 1 and Landsat 2 images containing less
than 30% cloud coverage. Listings were acquired from the USGS EROS Data
Center. Information included on each listing was image identification
number, acquisition date, percent cloud cover, and general quality for
each of the four MSS bands. Initial screening of the list was used to
make a preliminary selection based on several criteria: (1) low percentage
of cloud cover; (2) most recent spring date of acquisition; (3) applicability
to the inventory; and (4) availability of groups of images consecutively or
closely related in time to assure inter-image compatibility in the clas-
sification. All of the scenes appearing to meet these criteria were then
visually inspected at the image library of the General Electric Photographic
Engineering Laboratory in Beltsville, Maryland, and at the NASA Goddard
Space Flight Center (GSFC) Landsat Scene Browse Facility in Greenbelt,
Maryland. Visual screening allowed a much more detailed evaluation of
image suitability and scenes containing light haze and other unforseeable
problems were rejected.
After several iterations, thirty-four exceptionally clear images were
selected. These images come from both Landsat 1 and Landsat 2 satellites
and were for the most part acquired during spring of 1976 and 1977. Selected
images were then ordered in digital (computer compatible tape) form from the
EROS Data Center. Table 1 lists the NASA identification numbers and acqui-
sition dates for the selected images. Figure 5 shows the location of the
images with respect to the Great Lakes Basin.
3.2 Ground Truth
"Ground truth" in satellite related work is defined as any combination of
information about ground observations, measurements from topographic and
other maps, and information extracted from aerial photographs. Ground truth
data aids the analyst in identifying land cover types and in verifying the
classification. Information concerning the land cover in the Great Lakes
Basin came from all these sources. It was notevaluated at a very fine or
"individual field” level as that would have been impractical over an area
the size of the basin or at the least, extremely expensive. A set of USGS
topographic maps covering the basin was used as the primary information
source. While such-maps are not completely up-to-date nor completely accu-











































































 Publications of aerial photographs of the basin;
Conferences with persons native to certain areas in the basin;
Automobile trips through the area, which allowed investigation
of several areas on the ground;




















































































































































































































































3.3 Processing of Data
3.3.1 Digitization of Sub—basins
To produce classified theme area measurements by sub-basin, spatial zones
approximating the sub-basins weredigitized in the form of polygons. Each
polygon was defined by sets of vertices in an arbitrary x-y coordinate
system and was traced from hydrologic maps supplied by the GLBC. The curved
























































































































































































































































































































































































































































































































































































































































































































































































shown in Figure 6.
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 existing ground truth information. Adjustments are made where needed
until satisfactory spectral signatures are determined.
3.3.3 Bulk Data Processing
After satisfactorily extracting land cover spectral signatures through
interactive analysis on the IMAGE 100, processing was switched to a batch
or bulk processing mode to handle the huge amount of ata involved: 3 x 107
picture element intensity values per scene or 1.0 x 10 values in the entire
data set. This involved the processing of 17 miles of magnetic tape at
1800 bits per inch. 1
The bulk processor, or entire scene classification program, was applied to
each of the Landsat scenes involved. Program input consisted of the Landsat
digital scene, the polygons associated with that scene and the multispectral
signatures of the land cover classes in that scene.
The output of the bulk processor is in two forms. First, a so-called pseudo
CCT or classified tape in the Landsat tape format is generated. In this
tape, the digital values for MSS bands 4, 5 and 7 have been replaced by
respectively inserting color intensities for blue, green and red. These
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Classification was undertaken with the objective of extracting as many
meaningful classes as possible, which were sufficiently global to be
applied to all thirty—four images. A total of eleven classes were
finally extracted.
Two of the classes (evergreen forest and extractive), while not applicable
throughout the basin, were of sufficient importanceto be extracted when—
ever possible. In scenes where they were not extractable, these classes
were combined with mixed forest and barren, respectively.
Miscellaneous land cover classes found only in local geographic areas were
combined with the best suited of the eleven global classes. For example,
harvested forest, which was apparent only in Minnesota was combined with
the brushland class.
Often some of the eleven classes were composites of two or more types of
land cover. This was particularly the case for the residential class.
Residential areas are typically spanned by a wide range of land cover,
depending on varying population densities and length of time since de—
velopment. Theydo not exhibit unique spectral characteristics. For some
of the scenes, up to three local residential classes were extracted and
then combined to form the global residential class.
4.2 Class Definitions and Comments
Water - A geographic distinction was made between water within the Great
Lakes themselves and the Water within inland lakes and rivers. Area
tabulations pertain to inland waters only and thus reflect land cover
area in the sub-basins.
Wetlands — Areas classified as wetland include those where land cover is
a mixture of water and vegetation, and those areas inundated with water
often enough to restrict vegetation to marsh species. Forested wetlands
with nearly complete canopy closure are not included.
Evergreen Forest - This class was extracted when it covered large enough
contiguous areas to create the predominant land cover and thus display,
spectrally, a sharp contrast to deciduous forest. The class was apparent
only in the northernmost portions of the basin and was particularlygood
around Lake Superior and in the Adirondack Mountains of New York. Where
both types of forest were present, the evergreens seemed concentrated
spatially in the poorly drained low lying areas, sometimes appearing as
rings around the more well-drained hills.
A'l8
Mixed Forest - In the southern portions of the basin where forest is
predOminantly deciduous, and in portions where the percentage of land
covered by forest is small, this class represents total forest. In
northern areas where evergreens could be classified, the mixed forest
class represents only the deciduous componentof total forest.
Brushland — This is a class comprised of very low density forest,
harvested forest, scrub, and neglected farms. Those picture elements
covering a mixture of barren and vegetated areas are also usually included
in this class.
Grassland - This class represents most areas other than forest which are
completely and densely covered with lush vegetation. Its main component
was pastureland, making it a major class in Wisconsin and New York. Also
included were open parks, golf courses, and any grass crops characterized
by full ground coverage at the image acquisition date.
Plowed Field - The plowed field class is defined to contain any areas
characterized by bare, recently cultivated soil at the date of image
acquisition or which contained crops with a small percent of ground
coverage. Image dates were primarily in May, so a shortcoming of the
class is that any crops such as winter wheat which had achieved full
ground coverage are ommitted. In unpopulated areas, total agriculture
will be the sum of recently plowed fields and grassland classes.
High Density Residential - This class is especially difficult to extract
due to the wide range of land cover involved. For mosL of the images, a
minimum of two spectral signatures were required, onr for recently developed
suburbs with minimal vegetation, and one for older suburbs containing trees,
higher housing densities, and weathered rooftops._ The class is quite good


























































































































































































the large area that had been consumed by fire.
Clouds - When they appeared, clouds and cloud shadows were classified.




























































































Commercial - This class is comprised of areas within cities which were
totally devoid of vegetation and areas which have been discolored by
industrial practices.
4.3 Accuracy Estimates
To achieve statistically significant accuracy measurements or estimates
involves at a minimum, randomly selecting many sample areas and comparing
the land cover classification results with other information assumed to be
totally accurate.
A typical approach would be to randomly select several
sample areas to be used in verifying the classification.
Ground truth
information in the sample areas would be acquired through photointerpretation
of low altitude aerial photographs.
The required number and size of these
areas would be determined by the level of confidence desired in the accuracy
estimates.
Such an effort is well beyond the scope and intent of this inventory, and
a qualitative accuracy will be given instead.
Classification accuracies depend on many factors, perhaps the most
important being the definition of the classes.
In this inventory, class
definitions lean more toward spectral characteristics of land cover than
on existing and sometimes inappropriate land use definitions.
While
there is some objection to redefining classes in this manner,
it may be a
way of obtaining maximum information from Landsat data.
Also of great
importance is the spatial distribution of the classes.
If classes occur
in large contiguous blocks, as water and forest often do, very high accu-
racies can be achieved.
In general, accuracies decrease as contiguous
area sizes decrease.
In the extreme limit, when the area contiguously
classified is only a few pixels, the likelihood of these pixels being
classified correctly is quite poor unless it happens to be in a class that
exhibits spectral characteristics that are very unique.
Another very important factor is the geographic extent of the area to be
classified.
How well a classification is performed is as much dependent
on the spectral characteristics of land cover types from which a class
must be separated as it is dependent on the spectral characteristics of
that class.
Local or small area classifications sometimes form clusters
or concentrations in multidimensional data space, but global (entire scene)
data space distributions are generally more uniform.
Except for classes
like water and forest, they rarely fall into useful clusters.
It is much
easier to classify small test areas than it is to classify entire Landsat
seenes. Similarly, classifying multiple scene areas represents still another
level of difficulty. In multiple scene analysis, one must also contend with
radiometric differences between images resulting from atmospheric and sun
angle effects and with changes in land cover of a class between dates.
The percentages of expected accuracy are listed in Table 3 and represent
intuitive estimates based upon examinations of the classified images and
previous experience. They should display the relative confidence one can
place on each of the classes.
A-20
















































































































































































































































classification performed in this study.
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